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High low-density lipoprotein cholesterol are a significant risk factor for ischemic stroke. This study aims 
to analyze the burden of disease and temporal trends of ischemic stroke attributable to high LDL-C 
(IS-hLDL-C) in China, thereby providing a scientific basis for the development of effective prevention 
and intervention strategies. This study extracted the age-standardized mortality rates (ASMRs) and 
age-standardized disability-adjusted life years rates (ASDRs) of IS-hLDL-C from the global burden of 
disease (GBD) 2021. Stratified analysis was performed by gender and age groups. Joinpoint regression 
models were used to calculate average annual percentage changes (AAPC) to assess trends in IS-
hLDL-C burden between 1990 and 2021. Age-period-cohort (APC) model to estimate the independent 
effects of age, period, and cohort on IS-hLDL-C burden. In 2021, the total number of IS-hLDL-C 
deaths in China was 300,052 (95% UI 92,515–527,456), and disability-adjusted life years (DALYs) was 
6,850,565 (95% UI 2,313,203 − 11,418,167). From 1990 to 2021, ASMRs changed from 18.23 (95% 
CI 5.52–33.43) to 15.93 (95% CI 4.83–28.08), and the AAPC was −0.47 (95% CI −0.83 to −0.10). The 
ASDRs decreased from 385.65 (95% CI 129.83 to 647.51) in 1990 to 335.59 (95% CI 112.75 to 566.25) 
in 2021, with an AAPC of −0.49 (95% CI −0.83 to −0.10). Sex-stratified analysis showed that male had 
greater ASMRs and ASDRs than female. Age-stratified analysis showed that the burden was greatest 
among the elderly. In the age-period-cohort analysis, the age effect of IS-hLDL-C showed a continuous 
increasing trend during the study period. The period effect generally showed a positive trend during the 
study period. From 1990 to 2021, while the ASMRs and ASDRs related to IS-hLDL-C have decreased in 
China, the absolute numbers of deaths and DALYs remain substantial. The burden of IS-hLDL-C disease 
is disproportionately higher among male and the elderly. Given large population and the ongoing trend 
of population aging, it is essential to consider various lipid-lowering strategies in the future to allocate 
healthcare resources effectively and reduce the disease burden associated with IS-hLDL-C.

Keywords  Ischemic stroke, High low-density lipoprotein cholesterol, China, Joinpoint regression models, 
Disability adjusted life year

Stroke is the second leading cause of death and disability globally and ranks among the top three causes of death 
in China1,2. In 2019, stroke was responsible for approximately 6.55 million deaths and 143 million disability-
adjusted life years (DALYs) worldwide1. In China, stroke caused 3.94 million deaths and was the leading cause 
of DALYs, totaling 40.55 million3. Ischemic stroke (IS) accounts for about 85% of all strokes. It is characterized 
by blockage or severe stenosis of cerebral blood vessels, which leads to reduced cerebral blood flow or insufficient 
oxygen supply to the brain, resulting in necrosis of brain tissue within the affected cerebral blood supply area1. 
Despite significant advancements in prevention, diagnosis, and treatment, the burden of ischemic stroke remains 
substantial. From 1990 to 2019, the number of deaths attributed to IS in China increased by 226.5%3.
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Ischemic stroke is highly preventable, with 90% of the stroke burden attributable to modifiable risk factors4. 
These factors primarily include high low-density lipoprotein cholesterol (hLDL-C), high systolic blood pressure, 
high fasting plasma glucose, and high body mass index5,6. Rapid economic development in China has led to 
significant changes in dietary patterns, lifestyle habits, and work environments, contributing to hyperlipidemia 
as a major public health concern7,8. Since 1990, approximately 610,000 IS deaths worldwide have been attributed 
to hLDL-C, accounting for 22.4% of all IS deaths9. Concurrently, the number of IS deaths attributed to hLDL-C 
has risen by 47.8%9. High LDL-C not only heightens the risk of IS but also adversely affects the prognosis of IS 
patients. For instance, a large prospective cohort study conducted in China revealed that IS patients with average 
LDL-C levels < 1.80 mmol/L exhibited a 50% lower risk of recurrent stroke compared to those with LDL-C 
levels ≥ 1.80 mmol/L10. The pathological mechanism by which LDL-C increases the risk of IS primarily involves 
its deposition on the vascular walls, promoting the formation of atherosclerotic plaques, inducing inflammatory 
responses, leading to vascular stenosis or occlusion, and increasing the risk of thrombosis, ultimately resulting in 
ischemia and damage to brain tissue11–14. However, research on the disease burden of ischemic stroke attributed 
to high LDL-C (IS-hLDL-C) in the Chinese population remains lacking.

Global burden of disease (GBD) study 2021 provides comprehensive estimates of IS disease burden from 1990 
to 2021 and provides a framework for assessing risk factors15. Although previous studies have investigated the 
disease burden of ischemic stroke in China, most have relied on GBD 2019 data and exhibited methodological 
limitations in analytical approaches. In this study, we utilized data from the GBD 2021 Results Tool to calculate 
the average annual percentage change (AAPC), thereby delineating temporal trends in the burden of IS-hLDL-C 
in China from 1990 to 2021. Our analyses further incorporated stratified evaluations by gender and age groups. 
These methodological advancements not only provide a more precise assessment of the current burden but also 
uncover emerging epidemiological patterns and potential targets for public health interventions, addressing 
critical gaps in prior research.

Methods
Data resource
The global burden of disease (GBD) study is a comprehensive global initiative led by the Institute for health 
metrics and evaluation (IHME) at the University of Washington. Its primary objective is to quantify health 
losses across various regions and over time, with the aim of enhancing health systems and addressing health 
disparities1,15. The GBD 2021 report encompasses aggregated estimates of exposure levels, relative health risks, 
and attributable disease burdens for 88 risk factors across 204 countries and territories worldwide16,17). We 
obtained data on ischemic stroke DALYs number, deaths number and age-standardized rates (ASRs) attributable 
to hLDL-C in China from 1990 to 2021 using the GBD 2021 results tool (https://ghdx.healthdata.org/)18. 
The University of Washington Institutional Review Board waived the informed consent requirement for the 
acquisition of GBD data. The study adhered to the Guidelines for Accurate and Transparent Health Evaluation 
Reporting (GATHER)19.

Definitions
According to the diagnostic standards established by the World Health Organization, IS is defined as a condition 
in which the arteries supplying blood to the brain are constricted or blocked, resulting in the infarction of local 
brain tissue, spinal cord, or retina, and consequently causing neurological dysfunction20,21. This vasculopathy is 
typically attributed to atherosclerosis, thrombosis, or other vascular diseases, and in severe cases, it can lead to 
permanent brain damage. In the GBD 2021, the diagnostic codes for IS are categorized as G45–G46.8, I63–I63.9, 
I65–I66.9, I67.2–I67.848, and I69.3–I69.421.

Statistical analysis
In this study, we employed Joinpoint regression analysis to investigate the temporal trend changes of IS-hLDL-C 
in China and to calculate the average annual percentage change (AAPC) along with its 95% uncertainty interval 
(UI). Joinpoint regression analysis is a statistical technique designed to identify points of trend change in 
time series data22,23. Its fundamental principle is based on piecewise linear regression, which posits that the 
trend (slope) of the data varies before and after specific time points22,23. The objective of Joinpoint analysis 
is to pinpoint the exact moments when these slopes shift, referred to as the “ joinpoints ”. The determination 
of “ joinpoints ” requires data preparation and configuration, including specifying the dependent variable, 
independent variable, and grouping methods. Subsequently, by defining the minimum and maximum number 
of “ joinpoints ” and employing the Grid Search Method, all possible Joinpoint locations are evaluated. 
Furthermore, the significance of the Joinpoints is assessed using methods such as the Bayesian Information 
Criterion (BIC), thereby determining the statistical significance of trend changes22–24. Prior to conducting the 
Joinpoint regression analysis, we meticulously cleaned and preprocessed the data to ensure its integrity and 
accuracy. Subsequently, we utilized Joinpoint software to fit the data, enabling the identification of trend change 
points and the calculation of the statistical significance of each change point. We set a significance level of 0.05 
to ascertain the presence of joinpoints. Through this analysis, we were able to determine whether IS-hLDL-C 
mortality trends in China were increasing, decreasing, or stable, as well as to identify the specific time points at 
which these trends shifted. The results of this analysis will provide crucial insights for evaluating the effectiveness 
of public health strategies in managing IS-hLDL-C over recent decades and will offer a scientific foundation for 
future prevention and treatment strategies. Joinpoint analysis is also instrumental in elucidating the magnitude 
of trend changes across different time periods, which is crucial for comprehending the dynamic effects of IS-
hLDL-C on the health of the Chinese population. A positive AAPC value signifies an upward trend, while a 
negative value denotes a downward trend; a value of zero indicates no significant change25. The 95% confidence 
interval (CI) provides a range within which the true AAPC value is expected to fall with 95% probability. This 

Scientific Reports |        (2025) 15:20037 2| https://doi.org/10.1038/s41598-025-04677-y

www.nature.com/scientificreports/

https://ghdx.healthdata.org/
http://www.nature.com/scientificreports


interval accounts for sampling variability and uncertainty inherent in model estimates. When P < 0.05, the 
AAPC is deemed statistically significant, suggesting that the observed changes are unlikely to have occurred by 
chance25.

The age-period-cohort (APC) model is primarily utilized to elucidate the three principal effects that 
influence temporal trends in diseases: age effects, period effects, and cohort effects25,26. A significant challenge 
associated with the APC model is the complete collinearity among age, period, and cohort variables. To address 
the collinearity issue among age, period, and cohort variables in the APC model, we employed the intrinsic 
estimator (IE) method, which is a widely used approach to disentangle the independent effects of age, period, 
and cohort. The IE method imposes a unique constraint that minimizes the influence of arbitrary constraints on 
the estimation of age, period, and cohort effects24,27. This method was chosen because it provides a robust and 
unbiased estimation of the effects, particularly in the context of disease burden studies where the temporal trends 
are of primary interest. Researchers have devised a range of methods to address this parameter identification 
issue, including both theory-driven and method-driven parameter identification strategies28,29. These approaches 
aim to estimate model parameters through diverse statistical techniques and theoretical frameworks, thereby 
enhancing our understanding and prediction of social changes and health trends. All analyses were performed 
using R, version 4.4.1 and Joinpoint software.

Result
Burden of ischemic stroke attributable to high low-density lipoprotein cholesterol in China
Table  1 presents the disease burden of IS-hLDL-C in China for 1990 and 2021. Specifically, the number of 
deaths related to IS-hLDL-C in 2021 was 300,052 (95% UI 92,515–527,456), representing a remarkable increase 
of 161.8% compared to 1990 (Fig. 1A). The age-standardized mortaliry rates (ASMRs) experienced a slight 
decrease, from 18.23 per 100,000 people (95% UI 5.52–33.43) in 1990 to 15.93 per 100,000 people (95% UI 4.83–
28.08) in 2021 (Fig. 1C). In 2021, the total number of DALYs was 6,850,565 (95% UI 2,313,203 − 11,418,167), 
with an age-standardized DALYs rates (ASDRs) of 335.59 cases per 100,000 individuals (95% UI 112.75–566.25) 
(Fig. 1B, D).

From 1990 to 2021, although the number of deaths and DALYs of IS-hLDL-C showed an upward trend, its 
age-standardized rate gradually decreased (Fig. 1, Table S1, Table 2). Both ASMRs and ASDRs of IS-hLDL-C 
decreased during the study period, with annual average percent change (AAPC) of −0.47 (95% CI −0.83 to 
−0.10) and −0.49 (95% CI −0.83 to −0.10), respectively. Further analysis showed that between 1990 and 1999, 
the ASMRs remained stable (AAPC: 0.05; 95% CI −0.11 to 0.22) (Fig. 2). However, from 2000 to 2009, there was 
a downward trend (AAPC: −0.73; 95% CI −1.92 to 0.46). Entering 2010 to 2021, the downward trend is more 
significant (AAPC: −1.49; 95% CI −1.71 to −1.26). Across the entire 1990 to 2021, the AAPC p-values from 
2010 to 2021 are statistically significantly different. Through Joinpoint regression analysis, significant change 
points in ASMRs in 1998, 2004, 2007 and 2010 were determined (Fig. 2). Likewise, ASDRs also showed a similar 
downward trend with significant changes observed in the same years. These findings suggest that China has 
made progress over time in reducing the disease burden of IS-hLDL-C.

Temporal trend in the burden of ischemic stroke attributable to high low-density lipoprotein 
cholesterol by sex in China
As illustrated in Table 1; Fig. 3A, from 1990 to 2021, the number of deaths due to IS-hLDL-C in male consistently 
exceeded that in female. In 2021, the number of IS-hLDL-C deaths among male was 170,524 (95% UI 55,095–
298,988), whereas the number of female was 129,528 (95% UI 39,343−233,383). Throughout this period, 
DALYs cases continued to rise for both genders. In 2021, the male DALYs totaled 3,947,467 (95% UI 1,379,348–
6,623,022), while female DALYs amounted to 2,903,098 (95% UI 984,544–4,925,899). Additionally, in 2021, the 
ASMRs for male was 20.96 cases per 10,000 people (95% UI 6.72–37.13), compared to 12.36 cases per 10,000 
people for female (95% UI 3.73–22.43) (Fig. 3B). Regarding DALYs, the age-standardized rates (ASRs) in 2021 
was 416.3 cases per 100,000 for male (95% UI 143.15–703.34) and 268.95 cases for female (95% UI 91.45–455.85).

The ASMRs of IS-hLDL-C exhibited a declining trend in both males and females from 1990 to 2021. The 
AAPC for males was −0.05 (95% CI −0.37 to 0.26), while the AAPC for females was −0.84 (95% CI −1.19 to 

1990 1990

Deaths cases DALYs cases ASMRs ASDRs

Both 114,584 (37396, 197386) 3,018,679 (1065097, 4938870) 18.23 (5.52, 33.43) 385.65 (129.83, 647.51)

Male 59,411 (18517, 101036) 1,601,811 (541805, 2610385) 21.08 (6.22, 37.04) 431.69 (136.54, 723.27)

Female 55,173 (17629, 97746) 1,416,868 (510511, 2377309) 16.25 (5.05, 29.45) 349.05 (121.16, 593.21)

2021 2021

Deaths cases DALYs cases ASMRs ASDRs

Both 300,052 (92515, 527456) 6,850,565 (2313203, 
11418167) 15.93 (4.83, 28.08) 335.59 (112.75, 566.25)

Male 170,524 (55095, 298988) 3,947,467 (1379348, 6623022) 20.96 (6.72, 37.13) 416.3 (143.15, 703.34)

Female 129,528 (39343, 233383) 2903098.03 (984544, 
4925899) 12.36 (3.73, 22.43) 268.95 (91.45, 455.85)

Table 1.  All-age cases and age-standardized mortality rates (ASMRs) and dalys rates (ASDRs) in 1990 and 
2021 for ischemic stroke attributable to high low-density lipoprotein cholesterol in china.
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−0.48). Specifically, during the period from 1990 to 1999, ASMRs for male demonstrated an increasing trend, 
with an AAPC of 0.30 (95% CI 0.19 to 0.41; p < 0.001), whereas ASMRs for female indicated a decreasing trend 
with an AAPC of −0.17 (95% CI −0.43 to 0.08). During the 2000 to 2009 period, the increasing trend was more 
pronounced among males, with an AAPC of 0.14 (95% CI −1.13 to 1.44; p < 0.001), while the decreasing trend 
was also more pronounced for females, with an AAPC of -1.48 (95% CI −2.68 to −0.28). From 2010 to 2021, a 
significant decline in ASMRs was observed for males, with an AAPC of -1.43 (95% CI −1.56 to −1.30; p < 0.001), 

ASMRs ASDRs

AAPC (95% CI) p AAPC (95% CI) p

Both

 1990–1999 0.05 (−0.11 to 0.22) 0.469 −0.28 (−0.42 to−0.15) 0.001

 2000–2009 −0.73 (−1.92 to 0.46) 0.193 −0.66 (−1.59 to 0.26) 0.136

 2010–2021 −1.49 (−1.71 to−1.26) < 0.001 −1.17 (−1.32 to−1.02) < 0.001

 1990–2021 −0.47 (−0.83 to−0.10) 0.012 −0.49 (−0.75 to−0.22) < 0.001

Male

 1990–1999 0.30 (0.19 to 0.41) < 0.001 −0.06 (−0.18 to 0.05) 0.229

 2000–2009 0.14 (−1.13 to 1.44) < 0.001 0.01 (−0.95 to 0.99) 0.980

 2010–2021 −1.43 (−1.56 to−1.3) < 0.001 −1.16 (−1.26 to−1.05) < 0.001

 1990–2021 −0.05 (−0.37 to 0.26) 0.739 −0.15 (−0.38 to 0.08) 0.208

Female

 1990–1999 −0.17 (−0.43 to 0.08) 0.146 −0.52 (−0.73 to−0.32) < 0.001

 2000–2009 −1.48 (−2.68 to−0.28) 0.021 −1.38 (−2.32 to−0.42) 0.010

 2010–2021 −1.63 (−2.08 to−1.18) < 0.001 −1.22 (−1.54 to−0.89) < 0.001

 1990–2021 −0.84 (−1.19 to−0.48) < 0.001 −0.81 (−1.03 to−0.60) < 0.001

Table 2.  AAPCs in mortality and dalys of ischemic stroke attributable to high low-density lipoprotein 
cholesterol in china.

 

Fig. 1.  Burden of IS-hLDL-C in China from 1990 to 2021. (A) Deaths cases; (B) DALYs cases; (C) Age-
standardized mortaliry rates (ASMRs); (D) Age-standardized DALYs rates (ASDRs).
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and a similar significant decline was noted for females, with an AAPC of −1.63 (95% CI −2.08 to −1.18; p < 0.001). 
Joinpoint regression analysis revealed significant change points in ASMRs for males in 1999, 2004, 2007, and 
2010, while significant change points for females occurred in 1997, 2004, 2007, and 2015. In terms of ASDRs, 
males showed a decreasing trend with an AAPC of -0.15 (95% CI −0.38 to 0.08), whereas females demonstrated 
a statistically significant decreasing trend with an AAPC of −0.81 (95% CI −1.03 to −0.60; p < 0.001).

The burden of ischemic stroke attributable to high low-density lipoprotein cholesterol across 
different age groups in China
Figure 4 illustrates the burden of deaths and DALYs attributable to IS-hLDL-C across different age groups 
in China in 1990 and 2021. The data indicate a notable upward trend in disease burden with advancing age, 
particularly among individuals aged 70 and older. Compared to 1990, there were substantial increases in 
both ASMRs and ASDRs across all age groups by 2021. However, this upward trend is not mirrored in the 
ASMRs and ASDRs. Specifically, the IS-hLDL-C mortality rate for each age group under 80 years in 2021 has 
decreased relative to 1990, while the mortality rate for the elderly group aged 80 and above has risen. Similarly, 
the ASDRs of IS-hLDL-C for the under-80 age group were lower in 2021 compared to 1990, while the rates for 
those over 80 surpassed the levels observed in 1990. Figure 5 further depicts the contribution of total deaths 

Fig. 3.  Burden of IS-hLDL-C by sex pattern in China from 1990 to 2021. (A) Deaths cases; (B) DALYs cases.

 

Fig. 2.  Joinpoint regression analysis for ASMRs and ASDRs from 1990 to 2021. ASMRs age-standardized 
mortaliry rates, ASDRs age-standardized DALYs rates.
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and DALYs caused by IS-hLDL-C within each age groups in China from 1990 to 2021. Both the number of 
deaths and DALYs associated with IS-hLDL-C increased with advancing age. Notably, there were few significant 
fluctuations in the disease burden of IS-hLDL-C among individuals under 64 years from 1990 to 2021. In 
contrast, the elderly population aged 65 years and above constitutes the majority of deaths and DALYs caused 
by IS-hLDL-C, underscoring the critical role of the elderly demographic in the overall disease burden associated 
with IS-hLDL-C.

Age, period and cohort effects on deaths
The longitudinal age curves of mortality attributable to IS-hLDL-C in China are depicted in (Fig. 6). All mortality 
rates associated with IS-hLDL-C exhibited a significant increase with age, and the rate of increase accelerated as 
age advanced. Notably, we observed that the substantial rise in IS-hLDL-C mortality commenced in the 65–69 
age group. The cohort relative risk (RR) indicates a gradual decline in mortality for individuals born after 1952 
(RR < 1). Between 1990 and 2021, the Period RR for IS-hLDL-C demonstrated a decreasing trend, with an RR of 
1 recorded in 2005. Figure 6 presents the analysis results of local drifts and net drift, where the horizontal solid 
line represents the net drift, and the curved solid line represents the local drift. The net drift value reflects the 
estimated annual percentage change in the ASMRs of IS-hLDL-C, adjusted based on the APC model. The local 
drift values characterize the annual percentage change trends across different age groups. In this study, the net 
drift value is below 0, indicating an overall declining trend in the ASMRs of IS-hLDL-C. Furthermore, the results 
reveal that the local drift curve of IS-hLDL-C exhibits a U-shaped distribution and intersects with the net drift 
line at two points, suggesting an increasing mortality proportion in both younger age groups (30 to 40 years) and 
older age groups (60 to 70 years).

Discussion
This study comprehensively analyzes the long-term disease burden of IS-hLDL-C in China from 1990 to 2021. 
Our findings indicate that the number of deaths and DALYs attributable to IS-hLDL-C has increased over the 
past 32 years; however, ASMRs and ASDRs have shown a gradual decline. Notably, male exhibit higher ASMRs 
and ASDRs for IS-hLDL-C compared to female. The decline in disease burden was most pronounced among 
female, while it remained stable for male. It is important to highlight that the disease burden rises sharply with 
advancing age, particularly after 70 years. In light of the increasingly complex landscape of chronic disease 
management, effective IS prevention and control of LDL-C are imperative. To mitigate the burden of stroke, it 
is essential to develop more comprehensive policies for IS prevention, which should include promoting low-
fat diets and healthy lifestyles, enhancing healthcare services for demographics, and increasing awareness, 
treatment, and management of hyperlipidemia among Chinese adults.

Elevated levels of LDL-C are widely recognized as a risk factor for atherosclerosis, a key pathological 
process leading to ischemic stroke30. After LDL-C enters the arterial intima, it is oxidized and modified to form 
oxidized low-density lipoprotein (Ox-LDL), which activates endothelial cells and monocytes and promotes the 
occurrence of inflammatory reactions31. A Mendelian randomization study indicated that among patients with 

Fig. 4.  Burden of IS-hLDL-C in China by age group in 1990 and 2021. (A) Deaths cases; (B) Age-standardized 
mortality rates; (C) DALYs cases; (D) Age-standardized DALYs rates.
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atherosclerosis-related stroke, a one standard deviation increase in LDL-C significantly heightened the risk of 
stroke by 28%32. A study found a U-shaped association between LDL-C levels and all-cause mortality during 
the acute phase of IS, with the lowest risk of death corresponding to an LDL-C level of 2.67 mmol/L. This 
U-shaped relationship was consistent across subgroups and was particularly significant in patients aged ≥ 65 
years and in female33. Notably, maintaining appropriate LDL-C levels appears essential for mitigating stroke 
severity34. In China, atherosclerosis is the primary cause of ischemic stroke, accounting for over 45% of all 
ischemic stroke cases35. Our study demonstrates that while the number of deaths attributable to IS-hLDL-C 
showed a marked cases increase from 1990 to 2021, the ASMRs exhibited a declining trend. This trend in ASMRs 
may be attributed to China’s rapid demographic aging over recent decades and the remarkable advancements in 
medical technology, which have collectively contributed to lowering ASMRs2,17. As a result of health education 
on IS, there has been a significant increase in public awareness of IS. This increased awareness promotes positive 
lifestyle changes that help prevent and control further disease progression, which in turn effectively reduces the 
morbidity and mortality of IS36,37). Meanwhile, the widespread use of lipid-lowering drugs such as statins has 
played an important role in controlling the level of LDL-C, which has significantly reduced the occurrence and 
progression of atherosclerosis38. In addition, the rational use of antiplatelet and anticoagulant drugs has also 
played a positive role in reducing the risk of stroke, which may be one of the key factors contributing to the 
decline in ASMRs36.

Gender-stratified analyses revealed that from 1990 to 2021, the ASMRs and ASDRs associated with IS-
hLDL-C were consistently higher in males than in females. This disparity can be attributed to various factors, 
including lifestyle, physiological differences, and disparities in health awareness. Among premenopausal 
women, relatively higher levels of estrogen secretion may inhibit the progression of atherosclerosis and exert 
protective effects on vascular endothelium39,40). Research indicates that estrogen plays a role in regulating the 
release of nitric oxide (NO), promoting vasodilation and enhancing blood flow, thereby providing protective 
effects on brain tissue39. A study involving 134 postmenopausal women demonstrated that estrogen treatment 
significantly enhances the ability of blood vessels to dilate, thereby improving vascular function and promoting 
cerebral blood flow41. Additionally, women generally exhibit higher health awareness, whereas men are more 
likely to engage in unhealthy lifestyle habits, such as smoking and excessive alcohol consumption. Nicotine from 
tobacco is known to induce vascular endothelial dysfunction, heighten inflammatory responses within the blood 

Fig. 5.  The contribution of each age group to total deaths and DALYs of IS-hLDL-C between 1990 and 2021 in 
China.
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vessel walls, and facilitate the progression of atherosclerosis42,43). Therefore, it is imperative for male to focus on 
improving their health behaviors to mitigate the risk of IS-hLDL-C. Recognizing the sex-specific of stroke risk 
factors is essential for the development of more effective and targeted prevention strategies.

Age-specific analyses revealed a rapid increase in ASMRs and ASDRs with advancing age. The number of 
IS-hLDL-C deaths and DALYs further escalated with the growing aging population. This observation aligns 
with the global trend of an increasing disease burden among the elderly as the population ages21. Contributing 
factors may include physiological changes, diminished vascular elasticity, the accumulation of chronic diseases, 
and lifestyle prevalent in older adults38. Our study revealed minimal significant fluctuations in the number of 
IS-hLDL-C related deaths from 1990 to 2021 among individuals younger than 64 years, suggesting success in 
preventive efforts and early interventions within this age group. The elderly population, specifically those aged 
65 years and older, represents the majority of deaths and DALYs attributable to IS-hLDL-C, underscoring the 
critical role of this age group in the overall disease burden. Recommended strategies may include enhancing 
health management for older adults, increasing awareness regarding stroke prevention and early recognition, 
and improving healthcare services tailored for the elderly.

The local drift curve results indicate that the percentage change in ASMRs exhibits a ‘U-shaped’ trend. 
The cohort effect primarily reflects the interplay between an individual’s early experiences and their social 
environment, with different birth cohorts often facing varying exposures to risk factors. In China the risk of IS-
hLDL-C initially increases and subsequently decreases across successive birth cohorts, particularly after 1952. 
This phenomenon is largely attributed to the unstable social environment, such as war and famine, as well as 
poor living conditions, which may lead to a higher risk of IS-hLDL-C in early birth cohorts44. The period effect 
primarily reflects the impact of external factors such as advancements in diagnostic and treatment technologies, 
as well as lifestyle changes, on the disease. The findings of this study reveal that the risk of IS-hLDL-C declined to 
varying degrees from 1990 to 2021. On the one hand, over time, the expansion of healthcare insurance coverage 

Fig. 6.  Age, period and cohort effects on mortality rates of IS-hLDL-C in China during 1990–2021.
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played a role. On the other hand, advances in medical technologies, including the use of statins and improved 
public awareness of stroke, may have positively influenced the reduction in the risk of IS-hLDL-C45.

This study is based on the Global Burden of Disease Study 2021, an international, large-scale epidemiological 
research project. GBD 2021 provides detailed and standardized disease burden data that encompasses multiple 
countries and regions, thereby ensuring the representativeness and reliability of the research findings. However, 
this study has several limitations. Although the data quality of GBD 2021 is high and representative, there 
may still be certain biases and omissions during the data collection process. China has a vast territory, and 
there are significant differences in health care accessibility and medical infrastructure in different regions. For 
example, economically developed regions may have more comprehensive medical resources and higher IS-
hLDL-C screening rates, while economically developed regions may have insufficient diagnosis or missing data. 
Additionally, fluctuations in the disease burden of IS-hLDL-C may be influenced by various external factors, 
including socioeconomic conditions, advancements in medical technology, and changes in health policies. 
These factors may introduce data biases to some extent, complicating the analysis of temporal trends. For the 
management of IS-hLDL-C, primary prevention should emphasize lifestyle modifications including a healthy 
diet, increased physical activity, smoking cessation, and alcohol restriction to reduce LDL-C levels. In high-risk 
populations, statin therapy may be initiated and combined with other lipid-lowering agents based on individual 
risk profiles. Secondary prevention in stroke survivors requires intensive lipid-lowering strategies targeting 
LDL-C < 1.4 mmol/L, utilizing high-intensity statins combined with PCSK9 inhibitors to mitigate recurrence 
risk46. This stratified approach balances overtreatment in low-risk populations with precision interventions for 
high-risk patients, thereby facilitating the translation of evidence-based medicine into clinical practice.

Conclusion
In conclusion, while ASMRs and ASDRs associated with IS-hLDL-C have decreased in China from 1990 to 2021, 
the absolute number of deaths and DALYs remains significant. The burden of IS-hLDL-C is greater in males 
than females, and the ASMRs increases with age among the senior population. Given the large population base 
and the ongoing trend of an aging population, it is essential to consider various lipid-lowering strategies and the 
rational allocation of healthcare resources in the future to effectively reduce the disease burden of IS.

Data availability
All data used from GHDx platform (https://vizhub.healthdata.org/gbd-results/).
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